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ABSTRACT 


Thies study was undertekon in order thet en evaluation esuld 
be made of the produstion contre] prosedure employed by the Baval Orde 
nance Plant, Indianapolis, Indiana. The eriterla upon which the evalue- 
tion was based inclujed various basi¢ principles of production control 
that are expounded by several authors of current production ecntrel 
literature, and which are teught in current agademic courses, 

The sajority ef the material upon which the iavestigation is 
based wae obtained at the Naval Urdnence Plant, Indienepolis, Indiene. 
Gon ferences were used as « means of gathering the information necessary 
from each responsible individual of the Preduetion Control Division. 
These conferences as well ac the observation of the day to day econ 
plishment of the production control functions resulted in a thorough 
eoverage of the unite and their responsibllities in the production cone 
trol procedure as it is practiced at the plent. The Information gathered 
and the procedures cbserved were then eompared with the eriteria of gen- 
erally sccepted production control prosedures, 

The results of this evaluation ere scat gratifying. In terme 
of the oriteria used, the Navel Ordnance Plent, Indianapolis, Indiena, 
hes a progregsive production control procedure thet has been planned and 
executed by very capable and farsighted individuals who have recognized 
the potentislities of « flexible preeedure of production ecatrol, Con- 
sidering the needs of the plent, 1% can be concluded that ne major modi- 
fieatione to the present system are needed and that only 6 very few 
minor techniques eculd be improved. 
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AA SVALUATICN GF THS PRODUCTION OGNTROL PROCKOURS 
A? THE BAVAL OBDN ANCE PLANT INDLAr aPclLis 


IRTRUOVOTI GS 

The field of production contre] has felt the impuet of the de- 
mands pleced on it by a Second Yorld War and the changes wrought by the 
postwer era of shortages of materlal, disparity of priee rises, diffi- 
Gulty of ssles forecast, and other extreme uncertainties. No system or 
procedure could remsin static under the everchenglug demends of the ine 
dustriel world as portrayed by the examples above, Upheavals in the so- 
@Cial, economies], and political aspect of our Ameriean way of life also 
have had their part in molding changes in the soncept ef production sone 
trol, This study was undertaken to evaluete the epplication of the ba- 
sic principles of production control at the Nevel Ordnance Plant, 
Indianapolis, Indians, hereinefter referred to es HOPI, and what devia- 
tions from or modifications of these basic pringiples have resulted from 
the conditions evolving because of the particularly speslalized work 
accomplished by NOPI. 

Work done previously which ie related to this problem includes 
a thesis by Lieutenant Colonel Robert %. Breaks, Da, “An Appraisal of 
the Production Gentrol Methods Used in Governuent sArsenals,” June 1947, 
Thie thesis dealt with the production contrvl methods applicable to the 
problems of chenical manufacture, 

The apjority of the information upon which this study ice based 
was obtained at KOFI. Conferences with unit personel in the Production 
Control Division were used to scoumulate sufficient information about 
the functions of the individual unit to deseribe in general its respon- 
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sibilities and place in the organizational structure of the division. 
Using this information es a basie for investigetion, thie study was some 
piled by considering the funetions of predusticn control as prect iced 
at NOPT in comparisen to the criteria of generally agsepted production 
emtrol procedurve. 

The interpretations of the definition of production control 
as expressed by many authors in current literature bave an extremely 
broad scope. Yor the purpose of this study, production contrel will be 
defined ss the sental and physical know-how applied in such a manner 
thet the right quentity esd quelity of a product will be produced at the 
right time by the beet and cheapest methods, Although there is « wide 
diversity cf opinion in the litereture on production control as to the 
functions which should be ineluded in e production scntrel proceedure, 
the functions listed below are « few of those appesring in the texts of 
the Biblicgraphy, and thoy will be considered es e criteria for this 
study. 

1. The preperation and issuing of production orders and forms 

2. FPurehase requisiticning ef rea materials and special items 

3 Preparation of route sheets 

4. Work scheduling 

5. Plant losding 

6. Work dispatching 

7. Determination of the labor requirements 

6 Maintenance of production reseoris 

9. Expediting of manufactured and purchased items 

10, Analysis of idle machine time 
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THE WAVAL ORDHABCE PLANT, INDIANAPOLIS, Dintasa 


The History, Organization, and Physical Properties of the 
U. S. Naval Urdnance Plant, Indienspolis, Indiane 


This plant wes dezgi~med, constructed, and staffed by a civilian 
@ngineering company during World Sar If for the purpose of sanufactur- 
ing the Norden bombsight and related equipment, end aircraft lead-coaputing 
gunsight systems; some eixty thousand fire control fastruments were manu- 
factured éurtag Yorld Wer II, 

Late in 1945, the plant was taken over by the Wavy. It is now 
being run under the cognizance of the Bureau of Urdnance, Navy Department. 
As « Navel Ghore Establishment, the plent has the following functions: 

(1) research in, and engineering development of, aviation 

fire control equipment; 

(2) the manufeeture of that equipment; 

(3) the manufacture of line maintenance stores; 

(4) the overhaul, modification, and modernizetion of fire 

control instruments, including radar sttechments and 
thelr eccessories. 

The present steff of the plent consists of the original employecs 
who were inducted into the Civil Service system at the time of conversion 
to naval control, Assigned to the plant ere 11 naval officers and 5 en- 
listed men, and 1 Rearine officer and 40 enlisted sen, These officers ané 
men serve in the following capacities at the plant: Awe Commanding Offi- 
eer end Bxeoutive Officer, and in the Budget Office, the Security Divie 
Sion, the Safety Office, the Communications Office, the Supply and Fis- 
Gal Department, and the Medical Department. 
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Organized under the direction of the Commanding Officer with 
the assistance of the Executive Officer, the plant hes nine departments. 
These depertments ore divided inte divisions composed of sections, which 
ere in turn subdivided into units, A structural organization chart of 
the plant at the divisional level appears in Figure l, 

Located in northeastern Indianapolis, Indians, the plant oc- 
Gupies some one-hundredesizty acres of land. Its main structure, the 
menufacturing building, is nine-hundred-twenty feet long sand five- 
hundred-sixty feet wide, covering eleven and » half acres of floor space, 
The plent facilities are of the most modern type, including an alr- 
@onditioning system affording constant temperature and controlled hu} 
midity, with six complete changes of inside air cleared through an elec- 
trostatic filter in one hour, Heat is supplied by two clleburning steas 
bollers, The lighting system employs both direct and indirect facili- 
ties, and maintains a one-hundred foot candle intenalty at the wrk ste 
tions. These modern facilities afford to the plant's staff the maximun 


in comfort and ideal working conditions, 
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U. S, NAVAL ORDNANCE PLANT 
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The Nature of the Product 

The product of the plantis aviation fire control systems, 
engineered and monufactured te meet service performance requirenents 
and specifications, The mathematical expressions for the solution of 
Varicus fire control situations are mechanized to a fine degres of ate 
curecy, Mechanical end electronic methods translate the theoretical 
principles into useable systens,. 

A Gomponent wit ef a fire control system is, in reality, a 
precision instrument. The exactness in the manufacture of a unit's 
individual partes is comparable to that employed by the swat akilled 
toolmekers in industry, 

There is a great variety of products asong the aviation fire 
sontrol systems, Thus, the system which ie installed in a fighter te 
control the fire of ite guns is vastly different from that instelled in 
a highealtitude bomber to control the dropping of its bombs. The addi- 
tion ef controls for torpedoes, rockets, and aireleunched guided mis- 
giles further increases the dissimilarity between the fire contro] 
systems, 

The product of the plant is, therefore, precision inetyenents 


possessing little uniformity among themselves, 
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The Problem of Froducticn Contre] 

The plent is engaged in a combination of the job ahop and ine 
termittent types of anmufacture. This type cf senufecture is cherace 
terized by the prodnuotion of apecial orders amd of a great variety of 
products in limited quantities. In s year's time, the plant may receive 
three-hundred speeiel orders which will require the production of one 
hundred-thousend different items in average guentities of twenty-five 
units per item, 

Some of the factors which necessitate s complex produstion 
control system sre: 

l. Humber of ultimate parts in the product. 

2. Nwaber of different operations on each pert. 

3. Extent to whieh processes are dependent, i.e., those 

which cannot be performed until previcus operations 
have been completed, 

4. Variation in capacity of machines for different clas- 
ses of wrk. In many industries speed of machines 
varies according to the nature of the naterial being 
worked on. 

5S. Degree to which subassembly exists, 

6. Degree to which customers’ orders with specific de~ 
livery dates occur. 

7. Reseipt of orders for many omell lots. 

The fact that the product, aviation fire aontrol equipment, 
is comprised of precision instruments having large varlety among them 
selves accentuates the factors Listed above, 

The machine tools in the plent are of the general purpose 
type. ©n the whole, there is a surplus of mashine tools, The apecial 
nature and complexity of the finished product necessitates the designe 
ing of special testing equipment. Nomally, available commercial test 


equipment is aodified to meet the plant's special seeds, Im some ences, 


i 
Alford, L. Py, Sange, John Rey sete aks The Ronald Prees 
Company, New York, N. ¥., 1944, PPe ° 
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however, test equipment must be designed from basie fundamentela. 

The employees in the Mechining snd Assembly Divisicns are 
skilled eraftesen. Zach machiniet is capable of operating several types 
of machine tools. The Assembly Division employees are, in many eases, 
qualified machine operators; ani the machinists, in turn, are capable of 
deing assembly work. Thus, whea tho plant is overloaded with machine 
tool work, the Assembly Division employees ean be trensferred to the 
Machining Division, The control of such intemdivision personnel is a 
function of the Production Control Division, 

To summarize, the nature of the product, the special equipment 
required in ites memufecture, and the skilled staff of the plant present 
complex problens which must be solved by the Production Control Division. 
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The Production Control Division 
The Orgeni zetion of the Production Gontrol Sivision. 

The Production Control Divisicn, one of six divisions eompris- 
ing the Industrial Department, consists of three sections, the Planning, 
Methois, and Progress Jestions, Each of these is divided into various 
units, The orgunizetion chart ef the Industrial Department, including 
the unit breakdown, appears in Figtre 2. 

The Produstion Contrel Division plane and directs the sehedul- 
lag of production activities; provides mterials, tecls, and specific 
manufecturing instruetions for the operating shops; meintains dally floor 
cheoks to eliminate delays and work stoppages; moves stores and disposes 
of ell manufectured items; is the source of all data on production per~ 
formance, gurrent and anticipated plant productive lesd, estimated pro+ 
ductive end non-productive expenditures, current budget status of pro} 
ductive projects and the Industrie] Department's maintenance allocations; 
acts in an advisery eapacity in the matter of employment level and cone 
fers with the Engineering Department in the matter of product desig for 
economical manufacture, 

The reeponsibllities of the sections of the Produetion Control 
Division are as follows! 

The Plenning Section ia charged with the responsibility of 
both long range and specifie project plenning and scheduling; the order~ 
ing ef raw materials and purchased parte; the issuance of shop order 
kite; the preperation of charts and graphs indicating production pem 
formance trends, end other statistical production dutaz; the sompliation 


and reporting of production costs to provide somparison between the 


Pa i eat eC LRENDEN | 
selugree eamksi¥lb Zia % ano yeotelyid Lemtael sobtosburs mfP Cha 
cuhahed (848 gRag Migs oesid Yo MyatenoS «sanmesoge hinentenaceil 

| awolaet ofel Bepvib ok sRede Yodeod ssashéaes enorer’ Ann .weOddel 
wabiateat Paond tens dalesunpas ont 1 > eaea ent veaieenen pt Alam 


~inbeden ead atoerih bas ood nekskt M AeneEe®:aelenaber sa eo 
_ SERAEGR hae eked, sihatveren cabiverg jaekstyséoe mottoubory to gad 


se ba in a a | 


acy ihe, se ein Lis "ch ok i Sein 


“ong hataahons ,bool eviteuhont sanly botaghobiae bua sneer « Bomeaeeat 

nove Ye eutete foqned Imeriwe smut IdaeqRe evtvovbom-aen dae ovitom 
jesolipoolle sonanetat am e*eanmtaeget dettsecbal ont Bab Be a Ohi. 
aot has Ievel, Faomyodque Yo rosten od at yotootas qioatvbe co at aime 


701 s@laeb teeboty te ved dem odd ol 2 emmseag oC galncentgat ost dete andl | 
eorwiertuasn Leolnoaesg 


fous med nolseubdost wf) ‘to ono! 2008 edt te ooldt Sidteneten: edt wae 
tevoifet om era cohen 

to ystildieaegaes oe addin bogtado et anieont pedenass od? nee 
~rohre edt tgyalishedve bas patasale seoteny oltioeqe hue egnet gaol dited 
teiree quate Ye seranaat od? yudueq Seecdetmy dan gi sitedeo wae 1° 


faq notte borg yolsaotvat Bagetg ose ateado %e anh Semmgeee wae eet : 


aotisliqnes etd ped ab Salseubone Laasont sage gosto. has enbnons ponye i 
edd neowted montteqmos obtvety oe 2d8eo act touborg ‘to paldveqes bes 


STRUCTURAL ORGANIZ 


NAVAL 0 
Indianapolis 


1 Ordnanceman 
3 Ordnence 


1 Ordna 


Pige 2 Organization chart of Industrial 


————————————— LS ll—T—TOO_ ———‘O—‘=éOCf 


— 


Se 


original estimate and the actual expenditure; and the centrel ef project 
expenditures, 

The Methcds “esetion is rasponsible for cost estimation fer the 
proposed production work; the preparation of detailed prosess routing 
sheets (operation sheets) for component parts, sub-aasemblies, finished 
units, end the necessary tine to perform such cperations; the ordering 
of all special toole and gages; the designing end ordering of special 
test equipment; conferring with the Sngineering Department regarding 
Gheages of design which will facilitate production end lower costs, the 
receipt, recoriing, end distribution of engineering Information toe the 
Industrial Department; the advising of the Plant Layout Division rogard- 
ing the plecezent of machine tool equipment; and the recommendation of 
prosurement of specialized machine tool equipment ond accessories. 

The Progress Seetion is charged with the responsibility of dis- 
tributing the shop order kits; insuring the oompletion of scheduled work 
on time; expediting the procurement of raw mteriala, tools, gages, and 
purchased parts; conferring with the various departmente regarding solu- 
tions of production "hettlenecks;" reporting weekly the production sta- 
tus cf projects; and the inter-divisional handling of materiale. 
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The Handling of a Proposal 

The Bureau of Ordnance, before allocating funds or euthorize 
ing e plent to begin work om «4 project, requires each plant interested 
in bidding on the work to subait an estimate or propocal as to the exe 
pected delivery date of the first completed item and the approxinate 
cost of the project, Generally in letter form, the Puresu'e request for 
thie estimate is secuapanied by rough prints and parts lists pertaining 
to the product, or by a word description of the product. 

This letter is received ant processed ty the Budget Office of 
the plant administration, The Prepesal or Soest Ustimation end Schedule 
ing Form (Blue), Figure 3, is originated in that office ond aecompantes 
the prints to the Engineering Department, where they are examined for 
the purpose of estimating an engineering release date, This date is 
then entered on the proposal, 

From the ingineering Department the propose] and attachments 
then go to the Cost Estimating Unit of the Production Gontrol Department, 
where all the remining estimates, with the exeeption of the delivery 
schedule, are made, ‘The Gost Eetimating Unit fills in the cost estimate 
eolumns cf the proposal in terms of dollars cnly, The method used to 
arrive at these estimctes will be described later in a section on thie 
unit. 

Shen the sbove cost estimation is complete, the proposal is 
then returaei to the Project Seheduling Unit, where an estimate is meade 
as to where in the work load the project ¢en be pleced, when delivery 
on the finished products can be expested, and im what quantity they can 
be completed during each perieod mtil the project's termination. 

The proposal and ite eceompanying papers are then returned to 
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the Budget Office for final review, iasuancs, and submission te the ap- 
plicable activity. 

These eetimations and information are presented in general form 
and are regarded as « tentative comaitsent by the plant. ‘They serve as a 
bread basis for plenning by the Bureau of Onrinance, for cost estimation 
and spproximate delivery echedules. 
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The Handling of « Firm Sstimate 

When the Bureau of Ordnance has decided to euthorize the plant 
to begin work on a project and has allocated the necescary funds, this 
authority and allocation come to the plant In the form of a projeet or~ 
@er number and an cllotment number. These are received by the Buiget Of- 
fice and are processed in the sane manner as was the information pertaine 
ing te a proposal. 

The Firm Estimate or the Gost Estimation and Seheduling Form 
(White), Figure 4, is originated by the Budget Office and differs from 
the proposal only in color end the amount of information thereon, ‘This 
form and aurrent pertinent information, which mey include more detailed 
prints and/or parts lists, are forwarded to the Engineering Department, 
The Engineering Depertment proceeds as expeditiously ase possible with 
the work of originating production engineering releases without swaliing 
a formal job order, This precludes delay cf the ongineering release be-~ 
@GQause of delay in issuing « job order, If the fim estimetes are accome- 
panied by a work degeription only, the Engineering Department develops 
the printe and parts lists. A revised engineering release date is made 
in greater detail than in the case of the proposal, 

The originated or revised prints and parts lists are sent to 
the Methods Records Unit, who tranenits a copy to the Material Control 
Unit. The Material Control Unit uses the information from the parts 
lists to determine whether the parte can be obtained from the Supply 
system or whether they will have to be procured in another menner, 

This informtion, together with the firm estimate, is then 
passed to the Gost Estimating Unit. Using the information furnished by 
Budget, Engineering, end Supply, and their own interne] work forma, the 
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COST ESTIMATION AND SCHEDULING FORM 
ES ORIGINATING DATE 
PROJECT JOB ORDER NO. 
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Cost Estimating Unit makes an accurate estimate of the costs thet will 
be incurred in the process of manufecturing a complete project. This 
estinate is made as a result of more meticulous investigation then was 
afforded the proposal. 

The Firm Egtimate is then returned to the Project %cheduling 
Unit for processing esinilar, with a few exeeption, to that given the pro- 
posal. Ase well as estimating the delivery schedule, this unit breaks 
down each cost figure into man-hours and loeds the firm order by months. 
Consideration is given to the totel available man-hour eapecity of the 
‘plent and to the already existing load when the loading of « new project 
is undertaken, | 

The completed Firm Estimate is then returned to the Budget Of- 
fice for final review, issuance, and sutaission to the applicable activity, 

Ags was noted in this discussion, the estimstes and information 
presented are the result of extended investigation and are considered « 
definite soumitment by the plant, since they are specific informetion per~ 
taining to the Sureea’s planning regarding soets and scheduled delivery 
dates. 

The firm Gost Estimation and Scheduling form for a project 
astuates the flow of work in the Production Control Division. There is 
@ great exchange of information between Unite which, if included in a 
gmernal flow diagram, would become confusing, defenting the diagrams 
general purpose of giving an over-all picture of the work flow in the 
Production Control Divielon. Only the gonersl pettern of the work flow 
is indieated and only the more important forms mentioned in the deserip- 
tion of the functions of the various Ualte. The following dlagram shows 
the general flow of work between the Units of the Production Control 
Division. 
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The functions of the various Unite are deseribed in the follow 


ing peges. 
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The Project Scheduling Unit 

The Project Seheduling Unit plans the over~all plant schedule, 
Siesues the interns) esheduling for the Production Divisions, and comiles 
certain important production statistics which aid in formating the 
plant's labor requirements, 

The following forme are originated in the Preject Scheduling 
Unit; The Internal Schedule Porm, shown in Figure 5, indicates the re- 
quired completion dates of 4 project. The informtion contained in this 
form is taken from the Coct Setimetion ani Scheduling Form, ani is dise 
trituted throughout the plant. Mach division advises the Unit as it 
completes ita portion of the project, thus furnishing the Unit with an 
accurate record of the status of each project, 

The Forecast of Productive Labor, Figure 6, is © chert which 
G@isplaye the over-all plent production forecast in terms of man«hours, 
projected eighteen months ahead. The data is divided into pregram num 
bers, and represents the lead on the verious departments, The main 
function of this chart ie to deternine the amount of new work which ean 
be undertaken by the plant in the near future. The chart ie sent to 
the Burem of Ordinance vie the plent administration, 

The Load and Performance Chart, shown in Figure ?, yepresents 
the efficiency of the shop relative to the time estimtes of the Cost 
Betimating Unit. Thies chart serves as an efficiency stendard for the 
shop, showing the amount of work completed by the shop ageinet the 
amount of work released te the shop by the Production Control Division. 
Sources of the chart's information are the “eekly Machine Load Report 
and the Fiseal Labor Report. 

The Monthly Men Loed Suwary is in the form of o letter stating 
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Due Complete 


| Purchased Parts 
Make Parts 


‘aa 


Rewarks: 

(3) If fer any reason your portien ef the above 
schedule cannet be met, please notify the 
undersigned immediately. 

{2) When your portion ef the above schedule is 
completed, please date, initial and return 
this form to the undersigned. 


C. 0. McGaughey 
Project Scheduling Unit 
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the man-hours of machinery, assembly, and tooling completed in « month. 
Besed on the Poresast of Productive Labor, thie gumsary recommends 
transfers of labor between divisions and the adjustment of the lebor 
force to meet the production requirements of the immediate future, It 
alao senteine a brief aecomt of the status of ell projeete, a report 
on the importent cecurrences in and outside of the plant during the past 
month (such eo « nations] cos] strike), and their effect on the progress 
of the plent's various projects, This swmery ic used for sadulnistra- 
tive guidance. 

The Sow of informstion into the Unit, the forms origineted 


therein, and their destination are shown in the diagrem below, 
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The Methods Recards Unit 

The Methods Hecords Unit is responsible for receipt, stowage 
and distribution of Engineering dete and for keeping the mony files up 
te date. These files contain a variety of items, such as job orders, 
blueprints, parts lists, production breakdown sheets, and many others, 
One of the other responsibilities of the Unit is to act as a collecting 
agency in making up the “folders* that are originated to implement the 
production of & new part. It is obvious that it is necescary to have 
some means of keeping track cf just how each job is progressing pertain- 
ing to the necessary preperation of prints, routings, and such other 
work that muet be completed prior to release of the job order to the 
Shop Seheduling Unit. The Methods Recorie Unit accomplishes these 
functions. 

when a new part appears on the Production Breakdown *hoet, a 
folder containing the necesaary information on the part is mde up and 
sent to the Mechine Tool Processing Unit where the Process Houting Sheet 
is made up on vellum paper. ‘This accompanies the folder and is then 
sent to the Cost Batimating Unit via the Methods Recomis Unit so thet 
they are able to tell at all times just what progress is being made on 
the “folder.” The Cost Estimating Unit fills in the operator and sete 
up times in the proper columns on the Process Routing Sheet, and the 
folder is then returned to the Methods Records Unit for reproduction 
and distritution of the Process Routing Sheet. The folder ia kept in a 
current file as long as the part is being produced in the plant. 

Iteas of different form are reeeived by the Unit, reproduced 
in the required number and distributed according to the needs. Yor in~ 
stance, Parts Liste are reproduced and sent to the following: 
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Blueprints are reproduced and sent to the following! 
le Original to file 
2, Tool Design 
3S. Salvage 
4, Machine Shop 
5. Assenbly 
Process Routing Sheets are reproduged and sent to the following! 
1. Original vellum into file 
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The Material Gontrol Unit 

The Materiel Gontrol Unit requisitions the raw materials and 
purchased parte required for the plant's production, It is reapensible 
for initiating the sereening of the supply system for avetleble mater- 
ial, and for determining the component parts and their quantity to be 
manufactured in the plant, 

In the interest of an economical material cost, the Unit, as 
sisted by the Supply Departuent, investigates the required raw materials 
and purchased parts to determine the autevtels aValleble in the exten 
sive supply system, For this purpose the Unit originates the Fira Ke- 
quirement and Obligation of Material Form, Figure G hen the required 
meterial is available, the Unit requisitions it through the Supply De- 
partment, the procuring agency for raw materiale and purchased parts. 

The Production Breskdow Sheet, Figure %, is tacued by the 
Unit, Thies shest contains information as te the quantity of each cam 
ponent part of a project, determined by the Unit from the parts list, 
prints, and an evtimetion cf serep and losses, The Production Break- 
down Sheet, the authorlaation to mamfacture « specific quantity of « 
component part, ia widely distributed throughout the Production Control 
Division. 

Aleo iseaai by the Unit is the Stub Requisition, Pigure 10, 
for rew materiele and purchased parte. It is the Unit's request for 
the Supply Department to procure the required raw material or purchased 
parts, olther from the supply ayetem or from a commercial concern, 

The following diagren chews the flow of information inte the 
Material Control Unit, the forms it originates, and the info rnstion 
whieh leaves the Unit. 
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The Kachine Tool Processing Unit 

The Machine Tool Presessing Unit originates the operetion 
sheet for each component part te be manufactured in the plant, and le- 
sues requests for the designing end building of the special tools, 
jigs, fixtures, and giges required in the manufmoture of these component 
parts. 

This uit performs the work normally assigned in industry to 
the Production Planning Department, The Process Routing (or operation) 
cheet, Figure ll, i# one of the most important recoris kept by « manu- 
facturing company, representing the "know-how" in the manufacture of 
eomponent parts. it is formuleted from the farts List, Production 
Breekdown, and Interne) Sohedule received by the Unit, 

The Tool Design and Balld Order Form, Figure 12, is originated 
in the Unit from the information contained in the “erts List, the Fro 
duction Breakdown, and the Process Rowting Sheet. 14 outlines in gene 
eral tems the tools, jigs, fixtures, end geces which the Tooling Divie 
sion designs and builds for the mamafseture cf the component parta. 

The following diagram shows the flow of information to the 
Bachine Tool Processing Unit, the material originated in the Unit, and 
the next destination of that material. 
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The Assembly Processing Unit 

The Assembly Processing Unit originates the assembly operation 
sheet and issues orders for the tools, jigs, fixtures, gages and test 
equipment required for the assembiy process, 

the speolalization of the plent’s finsl product, avieticn fire 
emtrol equipment, requires a great amount of assembly work. Since the 
knowledge of inatrwaent assembly is highly technical, the Unit mst 
provide a detailed write-up of the assembly of an avistion fire sontrol 
SYSLEM, 

The Assembly Frocesa Routing Sheet, in form similar to Figure 
ll, te originated in the Assembly Processing Unit. ‘xperience is the 
most important factor in the writing of this sheet, which ie constructed 
from the informition contained in the Perts List, the Prints, and the 
Production Breakdown Sheet. 

The Tool Design and Build Order Form, similar to Figure 12, 
ia based on information fron the Farts List, Prints, end Assembly Pro- 
¢ess Routing Sheet. The Assendly frocess Routing Sheet also tneludes 
details of the required inspections; the Unit orders the special test 
equipmest for these inspestiona. In some cases avallable commercial 
equipment is modified for this purpose, while in others special teat 
equipment aust be desimed, 

Squipment aust be assembled in « definite sequence of opera- 
tions; the Shep Scheduling Unit is furnished this informetion in the 
form of a letter, the Letter of Assumbly Kit Sequence, which is a guide 
to the proper sequence of issuing the Assembly Zit. 

The following diagram shows the flow of the more important 
information into the Unit, the matericl originated in the Unit, and the 


information deperting from it. 
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The Cost Eatimating Unit 

The Coat Estimating Unit originates an estimated cost of each 
project underteken by the plant, including the projest's direct labor 
and materiel costs, 

The component parts to be manufactured in the plant are esti-~ 
mated from informticn reeeived from the Material Control Unit and 
other sources, The Cost Estimate fork Sheet, Figure 13, 1a used to com 
pile data and compute total costs; this information is transferred to 
the Cost Estimetion and Seheduling Ferm, 

Probable cperations and the time required for each are esti- 
mated by the Unit. The Machine Tool Processing Unit and the Assembly 
Processing Unit assist in the estimation of the operstions required for 
the manufeoture of each component part. This data is entered on the 
Setimete Routing Sheet, Figure M4. 

The time in man-hours required for each operation, including 
the machine tool set-up time is estimated from pagt experience by the 
Unit. 

As an eid to the maintenance of an accurate estimate of labor 
tine required for each operation, the Unit reeorde the actual time re- 
quired at the completion of the job, With this information available, 
the Unit isa able to keep current the time estimates im relation to the 
actwal operstion time, The estimated times are recoried on the Cost 
Batimate “ork Sheet and the Process Routing Sheet. 

The Unit keeps the Materiel Gost Card, Figure 15, for the 
purpose of estimeting the project's material sost. Information from 
the purchase orders, which contain the current cost of materials, is 
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reoord of material costs for the Unit. 
The following disgrem shows the flow of information inte, 


through, and cut of the Cost batimating Unit. 


Methods Kesords Haterial Gontrol 
Unit Bait 


Gost Setination snd Stub Requisition 


Ssheduling Form 


Prosess Routing 
Sheet 


Parts Lista 


Prints 


Cost Satimsting Vailt 


1. Cost Estimate “York Sheet 


8. Ssgtimate Routing Sheet 
S. Material Cost Sard 


Gost Setimation end Stub Proeess Routing 
Seheduling Form Requisition theet 

Project Scheduling Kethods Records Methods Records 
Unit Unit Unit 


fs 
» 
k 


f om 
ON a oat i 
’ ‘ 


ee 
A ge PRATT 


The Shop Scheduling Unit 

The Shop Scheduling Unit assigns to the Machining Division the 
manufacture of the component parts and to the Asseubly Divisions the ae- 
seubly of these parts into completed items, The Unit maintaine 4 cure 
pent record of work load in sen<houre, which forms the basis for the ad-« 
dition of new work to the chops 

Figure 16 shows the Shop Order Kit, the shop's awtherity to 
manufacture «© component part on assembly. This form is compiled from 
inform tion contained in the Process Routing and Production Breakdown 
Sheets and the Internal Schedule Form, The required month date of the 
component part's completion is given on the Shop Order "it. The shop 
is thus scheduled for work by months in terms of man-hours, The Shop 
Omer Kit consists of eight vari-colored IDM cards, each solor having + 
specific usage. The yollow material identifieation card is the master 
card, aecompanying the shop order from rew material to completed com 
ponent part; the green ecard is the material requisition card, ete. 

The Weekly Machine Load Summary, Figure 17, is is@ueed by the 
Unit. It serves ag 4 meens of determining the relative operating ef~ 
ficiency of the various units of the Production Division, and is the 
basis for adding new work to the shop and sdjusting potential man-hours 
of labor between the Production Divisions. This report contains infor- 
mation on the nuaber of man-hours released to and completed by the shop, 
‘and the present amount of work evailable for the shop. 

The Unit issues the Assembly Monthly Schedule which este- 
blishes the sequence of wrk to be accompliched by the Assembly Divi- 
sion during @ month, ‘ines there are many unpredictable tlxe-consuming 
variables in the asseubly of & highly complex instrument, the Assembly 
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Divieion is not scheduled for work in terms of man-hours per sonth. 
The probable time required is availeble in 6 rough estimate, fram which 
data the Assembly Monthly Sehedule lists the projects’ priorities and 
the required monthly delivery retes of the assembly unite, leresaliy 
the Assembly Monthly Sehedule overloads the Assexbly Divisions in terns 
of menehours of ascenbly work. 

The important forme received in, originated by, and sent fron 
the Unit eppear bel ow, 
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The Bxpediting Unit 

The Expediting Unit is charged with the responsibility of see~ 
ing that the matentabs for a shop order ere located physically in the 
plent prior to sending the shop ordera to the chop end that all shop 
achedules are met, The Expediting Unit initiates sumrestions for sub- 
stitute aaterials, and originates requests for new work te reploee the 
"rejects" on job orders, 

In order te prevent confusion in the shop, Shop Order Kite are 
mot releseed for manufacture until the nessavary raw materials for than 
have been received in the plant. 

After receiving the chop Order Ait from the Methods Resonia 
Unit, the Expediting Unit holde the kit until the Stub Hequisition fee 
Geipt is received, This receipt is issued by the Supply Department 
after the material has been received, The Unit aainteins a record of 
all Shep Order Kite and the required material for each; it sleo makes 
a weekly check of all kite being held up because of « lack of materiale. 
& biementhly record of all ouch held-up kite is sent to the Head of the 
Prodwtion Control Division, The Unit expedites the procuring of mater 
fale through the Supply Gepartment. in some cases, the Unit originates 
a substitute material upon the approval of the Methods Segtion or the 
Engineering Division, In other cases, such 4 suggestion for substiqe 
tutes comes fron the shop or the Supply Yepartment; the Unit ls respone 
sible for having these suggestions approved by the Methods Jestion or 
the Engineering Division, 

When parte are rejeoted by the Inspection Sivision and sorapped 
by the Salvage Division, the lafermation is resoried on the back of the 
Master Card In the Ghop Order Kit. After the Sxpediting Unit receives 


ia gate ihegee oth cen re eh te wend 


et weniger os tect won ooh & tanatp or parr elolied 
Pe eof Menderes & pronto 
eth 608% sates ott seh wit th metasioes teen of sete 
aon? Ww elolnoius wx yunsnecem ods Lite emdodtmnam st 
ee ee. tf > waniq om at norton Foy 

vides od nian ailtenn a sole a 
“Fst se? Cachet eat eae 
_Mapedeegeet Ucn oi Tw bawbel 82 tatoder a2cr cs i ne 

Ye Brecon 2 eatoreten shay ent sivioen oi and toes cot / a 
weden one #2 jdone 1% Letvothe binilivpor ode tan 921k alee @ 
salstuetan % sont 9 ne suena. Al Gee Whe fc4 ve sot 
vdt 0 Soatt edd ws fom af tts 4 - Hate tie 28, ore 
~tstan, Yo- gatmvoons edt sey ikegen snl) ot _ ohal abv out eet 9 
aovsatglyo eH ede shee emnsiak stmereacs Via oh 
odd 50 woiged borides edt 10 Leverqas edt nage onic 
nLtedin wih aetdoonwe & dun seiee ra6to| at sel avi. gals 
~aoqawe of ee ee 


buqywnoe baw sotaivit xolteencal edt ys bateoter wxs atteq node 
odt 20 weed edt mo Seidtocen ot shidnanwtal edt saatabteh agenda i 
if 

swvinea: Jin gabe tieqal edd weds 22k tebe0 godt add al fied rodmait 


47 


the Master Card, it eriginates a "“serap replacement request." This form 


ie sent to the Material Control Unit, after which 1+ is handled in the 
seme manner as the originel Ghop Order Kit. 


A general work flow diagram of the Expediting Unit ie shown in 
the ¢hart below, 
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The Diapetching Unit 

fhe Dispetehing Unit is responsible for the relonging of work 
to the shop and assembly divisions in secordance with the e¢hedule. The 
Unit performs “trouble-shooting” activities to coordinate the miterials, 
machine toole, and work for the Production Division, The records chart- 
ing the progress of the assigned work are kept by the Unit. ‘The material 
bendling problema of the plant are also a responsibility of the Dis- 
patehing unit. 
| The Shop Order Kit 1s received from the Kxpediting Unit, and, 
With the exception of the Material Requisition Gard, the kit io placed 
in the appropriete pocket boar. The pocket boards are arranged by 
Machining and Assembly Unita by months. The Shop Order Fit iso taken 
from the pocket board by the Head of the Unit, who establishes the se- 
quence of work in his unit, based upon the completion date on the Shop 
Order Kit. To start a new job, the operator obtains the teterial Ree 
quisition Card from the Dispatching Unit, and draws the required mater- 
ial, The Unit assists in the movement of mterials fron the storercem 
to the workplace. The Unit transfers the partially completed job to 
the next scheduled Unit, and the Shop Order Kit to the appropriate poe- 
ket board of the next scheduled Unit. Thus, the location of the Shop 
Order Kit in the pocket board serves ag a progress record of the job. 
The high prierity Shop Order Kits are designated by © speoinl color 
ode, and these jobs are civen special expediting attonticn. 

The Dispateher'’s File Card, Figure 18, is used to reeard pro~ 
@ress of the shop orders and tool ehortages. ‘The Unit makes a daily 
floor check, gathering the data on the operations on the Jobe in pro- 
coss, This deta is recorded on the Dispatcher’s File Card. 
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The Tool Shortage Report, Figure 19, is e repart te the Tool 
Division, listing the jobs being held up because of « iack of tools. 
This report is submitted weekly, and ite information is derived from 
the data gathered on the daily floor checks. 

The flow of informtion into, the originated forms, ond the 
forme departing from the Unit are shown in the diagram belows 
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The Cost Control Unit 

The Cost Control Unit records the commitaent and expenditure 
ef funds for the various productive projeets, end analyzes estimates 
ana expenditures to ald in locating dlacrepancies, The overhead budget 
for the Industrial Department is prepared by the Cost Control Unit. 

The Job Order Coat Control Record, Figure 2, is msintained 
by the Unit, infermation being transferred to thie reserd from the Stub 
Requisition, Parehase Ordere, Public Vouchers, and Closed Shop Urder 
Tabuletions. Thie record is an accumulative financial sheet giving the 
amount of funds avalleble, the amount expended to dete, and the amount 
remining for the job, Also show: is the variance between the estimated 
and the eetual cost of each job order, a6 well as the accumulated 
verian ce. 

The Request for Revision of Job Order Eatimtes is la the form 
of a letter, used to request additional funds for a job orier when it is 
apparent from the Job Order Gost Control Record that the sliletted funds 
are not sufficient, This request ia sent through the Head of the Proe 
Guction Gontrol Division to the plant's aduini stration, 

Aleo in the form of a letter, the Shop Onier Report is sub- 
mitted to the Gost Estimating Unit and the Machining Division, showing 
the verlation between the estimated and actual labor hours of the shop 
order. This report presents variance deta to be investigated by the 
Gost Sstimating Unit end the Machining Division, Information contained 
in the Shop Order Report is taken from the Job Onier Coat Control Resord, 

The Request for Station Maintenance Funds for the Industrial 
Department, Figure 21, is made up by the Unit from information contained 
in the Depsrtment Budget Report, the Leave Annlysis Report, and the Tabu- 
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COMMITMENT COSTS JOB ORDER COST CONTROL FISCAL COSTS 


DESCRIPTION DATE 


o LABOR | MATERIAL | TOOLING TOTAL DIFFERENCE | LABOR J MATERIAL | TOOLING TOTAL DIFFERENCE 
— REFERENCE ites | ITEMS jen CUMULATIVE ]  ITENS REFERENCE | DATE | tens | trews | 1rews [ounutarive  |cuwutarive 
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lation Overhead Labor Report. Talis request ccuslete of catinetes of 
the required overhead funds for the Industrdal Department, 

The following dlegres shows the flow of inforeation into the 
Unit, the materi«i originate’ therein, end the next destination of that 


material. 


Fiseal Division 
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Requisition Youchers 
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Gost Control Unit 


Shop Order deport 


Request for Revision of Job Order ietinate 
Hequest for station malutenance funds 
Job Order Gost Control Resard 


Shop Order Request fer Revision of Reguest for Station 
Report Job Omer Sstinate Maintenance Funds 


Cost <stimating Production Control Industrial Dept. 
Unit Read Head 
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fhe Production Stcres Unit 

The Production Stores Unit composed of the Finished Parts 
Stores, Senl-fintshed Parte Stores, and Rew Haterial end Casting Stores 
ia charged with the responsibility of receiving, storing, and issuing 
ali proéucticn materiel in proseas of manufacturing, This msterial ine 
cludes raw stock, purchased parte, and mamufsetured parte, either seni- 
finished or finished, 

Purehesed parte or raw material soning into the Unit from the 
Supply Department are accompanied by a sepy of a Stub Requisition. 
Material or parts manufectured in the plent are secompanied by the Yel- 
low Ghop Omier Master Card from the Shop Order Kit, All incoming matere 
ial or parts are identified as to the project number te which they ap- 
piy, the pert number, the Stub mumber of Shop Order number, depending on 
how received, end the quantity reseived, The material or parts are 
then stored in the srea alloceted for that particuler project or as 
dictated by the form of the material (auch es raw material in big 
sheets). Information is taken from the Stub Requisition and the shop 
Order Raster Card to record the locetion of the mterial on the Finished 
Parts Locator Receri, Figure 22, and to ast as edditionel iaformation 
for the cross-reference file. ‘This information is also used to make the 
appropriate entries on the Oommituent and Steres Necoord Cards, Figure 25. 
This record atts es the balance of stores ledger used in « large number 
ef business concerns. The cross-reference file spoken of is meinteained 
in order to facilitate the shifting of materizl cr parts frem one pro- 
ject to another when applicable, Wowever, sush shifting must be cleared 
by the Expediting Unit prior te the ahift. The Finished Parte Locator 
Record, mentioned above, is used as a means of quickly locating sny pert 
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REQUIREMENTS PROCURELIENT DATA 


CUMULATIVE D BALANG 
P.J.O.NO.} P.L.NO. | QUANTITY ° J PLUS OR MINUS ier - presi Pow of we | ON oe 
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. 
AM SVALUATION OF THe PRODUCTION CONTROL PROCRAIAR 
AT THS BaVAL GRONAMGE PLANT OLA aPOLIs 


Sefialtion ef Production Gontrol 
Preduction Control may be defined av “the senteal and physleal 
q ‘techniques and provedures employed to the end that the right quantity 
shite o¢ « protect chal be produced et the stant time by the best 
and ehespest motncds,"* 
7 Griterta for Bvaluoticon 


There is a wide diversity of oplaion in the literature on prea 
@ietion control es to the functions which should be tneluded in a pro- 
@ustion control procedure, The functions listed beler represent sone 
Ff those appearing in most of the texte of the Bibliography. 
1. The preparotion and issuance of production orders and forms 
such aa work orders, time serds, seve orders, seterlals le- 
aue slips, tool issue slips, ete, 
2. Purehase requisiticning to obtain raw meterieis ond special 
items bought outside 
Preparetion ef route sheets 


Hore diepatehing 
7. DSetermination of the labor requirenents 
8, Saintenance of production recorde 
9 Sxpediting of manufactured end purchased itens 
10. Avalysis of idle machine tine 


ee ee ee ee 
Bethel, Lawrence L.j Tenn, Salter L.j Atwater, franklin 2.5 Rung, 
Edward &,, Produgtion Gontrol, UeGraw-iiill Soak Gempeny, Ineerporsted, 
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Disougsion 
It is understood that not every production control procedure 
will include all of these functions, and that some preecedures may ine 
@lude others not listed here. for the purpose of this evalustion, an 
analysis of the production control prosedure at Norl has bee conducted 
to detemine how the functions listed above are sesumplished; whether 
er not improved meane of ascomplishing the funations gan be recaumended; 
and if the functions aro not accomplished, whether or not it is deemed 
adviseble to perform the funstions. 
The Ereperation and Iasuance of Froduetion orders end Forma, The fune~ 
tien of prepering and issuing preduction orders and forms ie shered by 
most if not 2ll of the units of the Production Control Division at the 
plant. ‘the several units prepare esd iseue the orders and forma that 
are appliseble to their primary functions, fhe unite and the formas 
they originate and isaue ere very briefly deseribed below: 
1. Material Control Unit originates and issues the following: 
Ae The Stub Requisition, used to requisition rew acterials 
and purchesed parts 
B, ‘The Firm Requirement ond Obligation of Msteriel Fora, 
used G8 a means Of sereening the Supply syste: for partes 
needed on a project 
S. The Production Breakicws Sheet, establishing the quentity 
of a component part te be manufactured 
& Projest 2eheduling Unit originates and issuer the following: 
Ae The Internal Gehedule, establishing the completion date 
of Gath project 
B. The Forecast of Productive Labor, establishing the over-all 
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production sehedule of the plant 

G. The Han Load and Performance Chert, an effictency stenderd 
for the shop, showing the emount of work completed by the 
ahep against the emount of work relessed to the shop 

be The Monthly Man Load Summary, a report including the utili- 
gation ef manehours for the past month, reeormmended iater- 
divisional tranefers of personnel, and status of current 
projects 

3. The Shop Scheduling Unit originates and teaues the following: 

Ae The Shop Order Eit, the authority upon which the shop 
starts, prosesses, and completes a job 

B, The Weekly Machine Losd Report, indicating the amount of 
work relensed to, completed by, end currently avelliable to 
the shop 

S. The Assembly Monthly Sehedule, a monthiy schedule indicat- 
ing priority on projects te be assembled 

4. The Dispetching Unit originetos and issues the following: 

Ae The Dispateher*s File Card, used to record tool shortages 
and the progress of the shop orders 

B The Tool Shortage Report, used to indleste what jote are be~ 
ing held up begause of the lack of tools 

5. The Expediting Unit originates and isaues the following: 

As The Serap Replacement Request, used to originate the work 
nesessery to replece parts that have been rejected or 
acrapped 

The funetion of preparing apd iesuing production ordere and 
forms is accomplished at the plant in such « manner os te ald and facili-~ 
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tate the service rendered the production divisions, The present dlotri- 
bution of the responsibility fer preparing and issuing the orders and 
forms is the result of vericus changes in the system through continuous 
investigetions seeking Luprovenent. 
Purchase Reguisitioning. The function of origineting ead issuing pur- 
ghase requisitions to obtain raw aaterials and purchesed items ie accon- 
plished by the Material Control Unit in the form ef a« Stab Requisition. 
The Unit receives the Parts List, the Frints, and the Coes et imeting 
and Scheduling form. from this information, the Unit iseues the Produce 
tion Breakdown Sheet which esteblishse the quantity of the various com 
ponest perts, This estebliched quentity ineludes the Unit's eetination 
for serap and losses, Using the Production Breakéiown Sheet as a galde, 
the Unit investigstes the Supply cetalogues to ascertain whether the re~ 
quired material is listed as e stock item If the required material ap- 
pears in the catalogue, the {teas are listed on the firm Requirement 
and Obligation of Material Form, originated by the Unit and aent to the 
Supply Department. The Supply Separtment processes these items to dee 
termine the availability, loostion, cost, and estimated delivery date 
of the ssteriels. This informetion 12 resoried on the Firm Requirement 
and Obligation of Material Form whieh fa then returned to the Metertel 
Control Unit. 

Upon reeelipt of this form and if the Supply Department has 
indicated that it le able to furnish the required materiels by the dete 
desired, the Unit reguisitious the materials from the Supply Department 


by Stub Requisition, If the Supply Department is unable to furnish the 


required materials from the available supplies, the Unit icaues o Stub 
Requisition authorizing the purehese of the required asterials from a 
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Givilien concern, Thie Stub Nequisition is also sent to the Supply De- 
partment, the procurement egenay for all materials. 

It seems inevitable that government supervision brings with 
it & tine-consuzing complex systes of materiel procurement. ‘Tho very 
mature of federal direction of a plant necessitates sore "red tape" 
then private industry encounters, The syste: of mtarial proourenent 
at NOPI, however, reduces the complexities of sovernnent resulmtion te 
© minima, and accomplishes the job in the shortest possibile tim with 
& maximus of personnel economy, The fact that NOPI emplers sen well 
versed in the intricacies of governsent regulations contributes a great 
eal to the efficiont functioning of purchase requisitioning at the plant. 
The Preperation of Route cheata. The preparation of the route cheot is 
accomplished by the Shop Scheduling Unit by the issuing ef the chop Ore 
der Kit. The Unit receives the Process Routing Sheet and the Production 
reakdown Sheet, end maintains a loed chert in terms of am-<hours for 
@ach Machining Unit. The routing of a component part is established by 
the Unit from information contained in the Process Routing “heot, which 
indieates the type of machine thet is to perform the operation, end in 
the load chart giving the load of the Machining Unita, Thus, the route 
ing is performed in terms of Machining Units, whose designating numbers 
are placed on the Shop Order Kit corresponding to the Listed sperstion 
mumbers. 

The designation of the specific cperator and chine for each 
Operation is sccomplished by the Head of a Machining Unit. 

The above procedure for the preparation of the rowte sheet 
fulfille the needs of the shop at NOPI, The routing is based upon the 
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man-hour method of leading the chop, This basis 1s ueed begause the 


g@vellable man-hours of laber is the limiting factor in the plant's pro- 


ductive capacity, The wide dissimilarity of the plant's products makes 
it neceseary for the heed cf a machining unit to dotersine individuelly 
the specific operator and machine thet should perform « certain job. 
In many cases, the required aschining tolerance of a job is such that 
only a specific operator using a specific machine oan accomplish the 
work. The head of « mohining unit, from pest experience, ils able to 
assign such operators end machines for a specific job far better than 
@ould the Production Uontrol Division were such a detailed routing pro} 
cedure attempted, 

From the point of view of the needs of the shop and mininum 
overhead expense in accomplishing the preparation of the route sheets, 
the procedure uged at NOPI is excellent, 

Bork Seheduling. The responsibility of scheduling work is shared by 
several mite in the plant, The Forecast of Productive Leber Form is 
originated by the Frojeet Seheduling Unit, establishing the over-all 
production schedule of the plant for eppreximetely eighteen months in 
the future, A now projeet is coordinated into thia over-all schedule 
by the Unit «ith s proposed delivery date determined, Using thie dee 
livery date as « goal, the Unit then mekes up an Interns) ‘Schedule on 
the projeet., This is passed on to the Shop Scheduling Unit to serve 
as the basic schedule for the various component perta, The Shop Sehe-~ 
duling Unit detersines the sompletion dete required for seach component 
part according to the requirements of subeasvembly schedules, machining 
time required on subeassemblies prior to final assesbly, ete. This ad- 
justed completion date is placed on each Shop Order Kit (one for cach 
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component pert). ‘hen the Shop Order Kits are received by the Olepateh- 
ing Unit, they ere placed in the pocket board pertaining to the Mech ining 
Unit indicated on the Ait ae that Unit by which the part is firet ma- 
chined, The Head of each Mechining Unit tekes the cards from the appro} 
pricte pocket bosrd and, after considering the completion dates indi- 
Gated on the Shop Order Kits, he establishes the sequence in which the 
jobe will be processed, 

The critical fectors of « ecelling on personne] and the necese 
eity for loeding the plant by man-hours make this the best type of sohe- 
duling for the plant's needs, The sctual “when" in terme of a certain 
day or bour on which « part is to be sterted has to be determined by 
gomeone (in this case, the Head of the Kechining Unit) uho is im direct 
contest with and has charge of the men in the Machining Units, 

The system of scheduling 4s practiced at the plant ie bastesliy 
siailar to the accepted practice in most commercial concerns, It is 
felt that the scheduling has to be done in this manner to coordinate 
adequately into the overeall plant schedule ali the seny @issiniler pro- 
jects that ere allocsted to the plant for production. 

Flant Loading. The function of plant loading 1s assomplished by the 
Project Scheduling Unit and the Shop Icheduling Unit, The plant ie 
loaded in terms of man-hours of labor per month, The Project Schedule 
ing Unit lesues the Forecast of Productive Lebor, o chert displaying the 
over-all plant production foresest in terms of man-hours, projected 
eighteen months abeoad, Varicus new projeots are aided te the plant's 
lead schedule based upon the required delivery dates of the Burem of 
Ordnance. From this lead schedule, for each new project, the Project 
Seheduling Unit precesses a Cost Sstimation and Seheduling form which 
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shows the expected monthiy delivery rates of the project, Based on 
these delivery rates, the Unit issues the Interne] Yehedule which shows 
the completion dates of the verilous sub-essenblics, 

The Shop Schefuling Unit maintains a ioad chart in men-hours 
by Machining Units, From the information contained in the Internal 
Sehedule, the *hop Scheduling Unit loads the %eeh ining Units to capacity. 

To record the completion of work for the purposes of adjuat-~ 
ing the ebdove loading proceedure, the completed Shop Order Mite are re- 
turned to the Shop Scheduling Unit which in turn renoves the compl sted 
work from the load chart. The Unit lesues the “eekly Machine Lond le- 
port which econteins the sumber of man-hours sompleted by and the present 
amount of wrk avalleble for each Machining Unit. This report is ree 
seived by the Projeet Seheduling Unit which makes the proper sdjustments 
te the internal Schedule, the Gost Estimation and Scheduling Porm, and 
the forecast of Productive Labor. 

Sines the function of plent loading ie closely integrated with 
the functions of preperation of route sheets and wrk ssheduling, the 
procedure of plent loading at HOPI is performed by the sane personnel, 
The syetem persits great flexibility, a facter necessary tn on organize 
tion producing equipment subject to scentinucus change. 
dork Dispetehing 
The Minetion of work disepetohing is done by the Dispatehing Unit of the 
Production Uontrel Division. The Shop Order Kit, the suthority for all 
work done in the chop, is received by the Diepatehing Unit from the lx 
pediting Unit. The kit hes a notation on the master card indieating the 
month of completion, The Dispatching Unit takes all the sardea in the 
kit and perforates the indicated month of completion on the email 
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@clender scroae one end of the card, The kit now indicates to anyone 
who haudles any of the cards just when the part is due fer completion, 
The Dispatching Orib contains several pocket boards, arranged by Ma- 
@hising Units aad monthe, The kit, ainus the Aeterial Mequiziticn Card, 
is pleced in the appropricte pocket beard of the Machining Unit sehe~ 
4ulei for the firet operation. The Shop Order Lite are taken from the 
pocket board by the Head of the Sschining Unit, who arranges the se~ 
quense of the Shop Order Kits, and issues then to the operaters. The 
operator first goes to the Dispatehiag Unit to cbtein the Baterial Re» 
quisition Card in order thet he asy procure the nevessery materiels. 
This gives the Diepstching Unit the commencement date on the Shop Order 
Kit which 12 recorded on the Dispetoher’s File Sard, 

The Shop Order Kit consists of various colored 1M cards, Ac 
has been indicated above, smong these cards is the one for material re- 
quisitioning. Alse included in the kit is the tool requisition ecard 
(the brown card), Three very necessary functions of Dispatching have 
thus fay been acoomplished, and they are the release of the work order, 
the materiel, and the tool requisitions, 

When the operations scheduled for « Machining Unit sre com- 
pleted, the work piece end the Shop Order Kit are returned to the Die 
patching Grib, The Shop Order Kit is placed in the pocket board of the 
next seheduled Machining Unit, and the work piece is stored in the vl- 
GCinity of the Digpateching Crib, This procedure is repeated until the 
Job 1a completed, at which time the Shop Order Kit is elesed out and 
the yellow master card returned to the “hop ‘cheduling Unit, 

Approximately eighty-five pereent of the werk om one eomponant 
pert is accomplished by cone Machining Unit; time only about firteen perm 
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gent of the work mast pass through the Dispatehing Crib @ seaond tins. 
Tn order to prevent the loos of time, additions] saterial hendling, and 
traffic jams in the Diepatching Srib ares for thie fifteen percent of 
the work, it is reeommended thet the materiel handlers be instructed 
to transport the work pleces and Shop Order Hits directiy « the next 
acheduled Machining Unit, informing the Dispatching Grit of the move, 

The status of the various jobde is indicated by the location 
of the Shop Yrder Kit in the various pocket boards, and the informetion 
reserded on the Dizpateher's File Gard. As mentioned ebove, during the 
provess of performing the sequence of operations required on a compo= 
nent part by sach successive Kachining Unit, the “hop Order Kit is proe 
gressing to end from the poeket board eorresponding to the same Heshin- 
ing Units. This location of the Shop Order Kit in the various pocket 
beerds serves sc © rough progress report. The Unit makes a daily fleor 
@heok of the shop, recording the progress of each job. This informa- 
tion is transferred to the Dispatoher’s file Gard, Thus, the Unit 
maintains «© current reeord of the progress of each job. 

The funetions of Digpatehing nae practiced at the plant accom 
plishes the service requirements of the shop, Although this system, as 
ae mst involving work diapatehing, requires auch attention to detail 
and great care in recording procedure, it assurea ease ed accuracy in 
sscertaining the progress of jobs, Cthor than the suzgestion above for 
the possible elimination of lost time end traffic jane in the Disgpatch- 
ing Srid area, the author rates the HOPI system of work dispatching os 
adequate and well mited to the neede of the plant. 

The function of detemining 
the labor requirements of the plant is accomplished by the Project 
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Goheduling Unite ‘the Unit recommends both inter-divicionel employ- 
ee transfers end adjucteente in the lebor force, 1.¢, the hiring and 


firing cf employees, These recommendations are prepired in the form 


of « letter, the Yonthly Kan Load Summary, which ia submitted through 
the Head of the Production Control Division to higher authority for 
action. 

The information from the above letter is taken from the Yore= 
Gast of Productive Lebor chart. Sy comparing the svaileble man-hours 
of labor with the requirexents os indicated by the chart, the Unit is 
able to make am accurate estimate of the labor needs of the plant. 
Ginee the employees in the Maehining and Assembly Divisions are skilled 
@raftemen, and in many cases, are capable of working in the several Units 
of the Machining and Assezbly Divisions, the Project ®“eheduling Unit 
recommends the treasfer of personnel between these two divisions to 
@qualize the estimated work load. When the work load can not be car 
ried by the current staff, the Unit recommends the additions to the 
eteff. 

The current trend to include the handling of laber require- 
ments among the functions of the production control division is re- 
flected im the procedure at HOPI, Until recently, thie has been the 
responsibility of the personnel division in most plaste, or of the 
foreman, whose ability te foresee future changed conditions ia nece- 
Sseerily limited, ‘The personnel division is aided by the production 
oontrol division in its job of ascertaining the type of labor to be 
hired to handle increased production, This system svema to meot 
adequately the needs of the plant. 

A possible improvement in the existing system might be the 
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inclusion of a San Load Chert of labor clessifications to faeilitete 
the assigning ef the right man to the right job, The basis for this 


 gelection io now man-hours; « man is selected for a job without ref. 


erence to his lator ersde. If the degree of his skill were taken into 
eonsiderstion, it might insure « more exact matching of the man and 
the job. 

With the exception of this possible refinenent, the euthor 
feele that the lobor requirements of KOFI are handled well with a 
maximum of effictency. 
Maintenense of Production Records. ‘the function of the maintenance 
of production records is accomplished by the Project “eheduling Unit 
and the Shop Seheduling Unit. The Seekly Machine Load Xeport, iesued by 
the Shop Scheduling Unit, contains the number of man-hours of work 
completed by the shop. This report is received by the Project Sched- 
wling Unit and used to construct the Unit's Load and Performance 
chart. This chart consists of tuo portions, the performance portion 
only being diseussed here, The perfermence chart presente four 
curves: the performance potential in maan-houre por week; the monthly 
average cf the performance potential; the work completed in man-houre 
per week; the monthly everage of the work completed, the performance 
potential curves are based upon the estimation of the Gost Sstiaeting 
Unit. The work completed curves sre recorded times required by the 
shop to complete the Shop Urder Kits, The two weekly curves show s 
sertein amount of fluctuation. The sonthly averages are used to dia- 
pley the trend, ond serve as an efficiency atendaré for the shop. 
When the monthly average of the work completed curve drops below the 
@ighty-five percent value of the monthly average of the perforsancse 
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potential curve, the altustion is investigated by the Heads of the 
Production Control Division ani the Machining Division, 

HOPI's system of maintaining produttion records sakes ahop 
performance resdily apparent, Its weekly chev: is of sufficient frequency 
and thoroughness to assure an accurate aceount of work progrese. ‘ere 
Deporte mde in wore detail or required more often, «a superfluity of 


records would exist, and an amnesessery strain placed on personnel 


effort in hendling them, ‘The system of sainteaining production resorts 
ae employed no doubt cids conalderably the smooth and efficient 
Operation of the plant. 


The function of aa- 
pediting semfeetured and purshssed itens 1s sceompliabed by the 
Bupediting Unit. To prevent « Shop Order Kit from reaching the shop 
prior to the tine the required asterisls ere avellable, the Exped- 
iting Unit ascertains thet the materials are physically lossted in 
the plant before releeaing the Shop Order Kit to the shope Thus, the 
Unit reseives the “wp Order Kit from the Methods Neverds Unit, end 
the Stub Requisitien Receipt from the Supply Department. Thie latter 
form denotes the errival of the required seterial at the plant. ‘The 
Unit makes 2 weekly cheek of all kite being held up because of a 
lack of aateriale, end wekes o Dienonthly report ef eush heldé-up 
kits to the Head of the Production Control Division, 

Sa importent festure of tho expediting function at the plant 
ie the manner in whieh the Unit handles tho substitute materials. 
There are two genorsl types of substitution of materials; one is a 
shange in the type and chemical composition of the original msterial, 
and the other ie o substitution of the sume material allotted to dif- 
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ferent projects, The former substitution of materiel requires the ap- 


 ~‘proval of the Methods Section or the Ingineering Department, The kx- 


_ pediting Unit follews through on this type of change by securing the ap- 


proval for the substitution from the proper group. To sedornplish the 
second type of substitution of material, that of using the awe meterial 
which hes been allotted to a different project, the Mxpediting tmit 
maintains a record of all “hop Order Kits and the required saterials 
for each, If two Shop Order Kits use the seme materials, ami the avail 
able meterial has been allotted to one Shop Order Kit whose use is be- 
ing delayed pending the arrival of other component parts, ths Sxpediting 
Unit authorizes the necessary change in the allotment of the meterial 
to permit the manufseture of at least one part. 

Ginee the ability to adapt to continuous choness ia amon, the 
primry requisites of « plant such as NOVI, the flexibility of the 
Plent's existing expediting system lends itself well to the plant's 
needs, A more rigid system would hamper the smooth and efficient flow 
of the manufsetured and purchased items into the mainstream of worke 
In addition, the “red tape", which NOPI's flexibility of eystem has cuc- 
@essfully reiuced to a ainimun, would cause a tie-up in the work flow; 
possibly necessitate an inereaged number of employees to handle “snarl- 
ing"; and, consequently, add to the plant's personnel expensed, iIn- 
ereaged expenditure is one ef the things most diligently avoided et 
WOrT; efficient od speedy delivery of the product is one of the plant's 
Chief goals, Since the expediting syatem et the plent prevents the for- 
mer and effects the latter, it is the appraisal of this author that 
HOPT's present aysten is excellent. 
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f  BMalyais of Idle Naching Time, The function of analyzing idle maghine tine 


ie not accouplished et the plant. hen the plant wae converted to Navy 
operation in 1945, the basic plans were to design flexibility into the 
produc ti ve Gepacity of the plant. Jor this purpose, three sechines per 
| @uployee were installed in the shops. Due to the ever increasing de- 
mendes upon the plent, the present ratio has dropped to two machines 
per employee. The plant, however, continues to possess en exeens of 

| machine tools in relation so the employees, Thus, on anslysis of idle 
1 Machine tine would prove of no use to the plant, 
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CUNGLUSI GS 


This investigation has resulted ila the senelusicn that the 
-« production control procedure preetised at the Naval Ordnance Plent, 


na Indianapolis, Indians, embodies and eaploys sll ef the current basic 
| production eon teed principles required te meet the particular needa 

of auch 6 plant. The procedure is flexible enough to aselmilete and 
directed by individuals capable of seeing the need for the incorporation 
of ourrent trends where epplicable; that is, such as the sseunption of 


3 
; 
» 


‘ 
tthe responsibility by the Production Control Division for the determina 
% tion of the lebor requirements. The ability of the plent to adapt ite 
Banufecturing provesses to eo many digsialler ltems of production is 

the cutetanding menifestation of the effiecleney of the present produce 
f thom eontrol presedu re. 
The investication of the preduction gontrol presedure at 
HGPI hee the possible desirability for the following minor recommended 
ghan ges? 

1. To prevent lose of time, unnecessary material bendling, and 
heavy treffic in the vielnity ef the Miepetohing Grib area, 
it is recommended thet the meterial handlers be instructed 
te trensport the work pleses and Ghop Order Kites direetiy to 
the next scheduled Machining Unit instead of having these 
items returned te the Dispatching Crib «t the eampletion of 
each Machining Unit's work en that part. 

8. It is recommended that further study be conducted soncerning 
the desirability of a len Loud Chart of labor slaseifications 
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